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Global Data Assimilation by Local Optimum IntenpOJation

I. Introduction

Over the past decade the p]anners of the F1rst (RARP G1oba1

'Exper1ment (FGGE) have labored to assure that the meteor01001ca1 observ1nq

system extant during the ExperTment would provide truly global coverage on

a nearly continuous basis. The mix of subsystems now p]anned includes:

geostat1onary and polar- orb1t1nq sate111tes, buoys., constant level
ba11oons, and specially- 1nstrumented commerc1a1 aircraft, in addition to

the convent10na1 radiosonde and‘surface-observinq network. Data from

vtheée varied sources will exhibit widely varying characteristics with

respect to parameters observed, distributibn in space and time, and error

Tevels. A flexible data ass1m11at1on system capable of 1nte111qent1y

' b]end1nq these d1sparate observat1ons into a comn]ete and consistent

numer1ca1 representat1on of the atmosphere 1is necessahy.

A system incorporating the required flexibility is being constructed

| at the National Meteorological Center (NMC). Deve1opment has progressed to

a‘botnt where initial tests have been completed, some results of which are

’~,reportedftn this paper. A description of the system is'presented in the

next_seettqn,,fo1Towed by a discussion of the results of the initial testing.

o The!finaT section OUtTines our plans for future'work with the system,

I1.  .Description of the Assimi]ation System
fhe;assimi1ation system requires the availability of a sophiéticated,
hfgh—reso]ution prediction model capable of very accurate short-term fore-

casts.n'It is assumed that the prediction, at any.given.time; represents
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" the atmosphere with a reasonab]y h1qh degree of t1de11ty From'thts
‘nassumpt1on, it fo11ows that - |
| - re1at1ve1y sma]] adJustments are requ1red to correct the*
mode] atmosphere and :
= 1n the absence of observat1ons, no arb1trary or 1nc1denta1
| adJustments need be ‘made, | | ‘
These two statements form the basis of the system S des1qn
At any t1me, the mode] representat1on may be corrected by the
,avat1ab11jty‘of,ttme1y‘observat1ons; Thjs is done by a process of lgggl
‘ updating; 1>e s 1oca1 in the sense of affecttno only those arid points
~within a spec1f1ed ne1ghborhood of the observat1ons Updating is
performed by . three d1mens1ona1 1nterpo1at1on of forecast residuals
(d1fferences between observed temperature, w1nd and spec1t1c hum1d1tv,
4»andfthe1r predtcted counterparts interpolated to the observat1on Tocations)

~_ to the mode] grtd points.p Thelinterpojatton is quasi-statistical, based

ﬁ:on'the;ﬂoptimomrinterpoTatton" procedures of Gandin (1963). Differinp'

?;error characteristtcs of dtfferent‘obserying syStems are explicitly

‘ fﬁncorporated}J The;syStem is very Simt1ar in design tovone presently in
operationa1/ose'at thevCanadtan Meteoro1ogica1 Centre'(Rutherford, 1976)i
‘and to that deve1oped by Sch1atter (1976) attthefNattona1 Center‘for

'iAtmospher1c Research . o
| A br1ef summary of the 1nterpo1at1on procedure to11ows» For a
| deta11ed account the reader is referred to Beraman (1977). Let the

observed?temperature and w1nd_components (T, U, V)vbe_composed of a-



‘ | "gueES" value'(T"U7 V) p1us a dev1at1on (t, u, v). Then the undated -

temperature and winds at a grid point (T g

v ) may be expressed as:
.;,r ]1near C0mb1nat1ons of the dev1at1ona1 quantities,

: . % m n 1
i o L m n (1)

| =U 13ts + iu; + cpv

| Ug = Ug + 121 ait; j;l b3u; kzl Vi

E 3 m n

' =V + It. + bieu. + cprv

| Vg = Vg 12131 ts jzl 57U kzl k Yk

where there are % temperature dev1at1ons, m west wind dev1at1ons, and n

_ south wind deviations. The quant1t1es (Té,

at the gridpoint. The unknown coefficients a, b, c, etc., may be

Ug, vV ) are the ”guess va}ues‘

. determihed by requiring minimization of the mean-square interpolation

| error, /7~ k ' : —————
T . 2 m n )2 2)

i E=(T,-T, - asts - ) bsus - CLV 2)

where the overbar denotes an .ensemble average. This Tleads to a_system of

"~ Tinear equations

L m n- .
t .t.a. t+ t usbe + ) t ovpe, =t Ltq, 27 = 1,28
iZ1 [ A B jzl 277373 kzl 27 k~k [Achd! 4
4 m n.
1_Zlum,t1a1 + jzlum,ujbj + Zlum,vkck Up-Tqs ™= 1,m (3)
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and-similar systems for Ug and Vq. If the autocorrelations

(tz‘ti’ UpYys Vn‘vk) and the cross-corre]at1ons(t2,uj, etc.), as well as
the correlations between the observed and interpolated deviations, are
known, then the system can be solved for the coefficients a3, bi’ Cy
According to Gandin, if the correlations are obtained from actual data,

then the interpolation is statistically "optimal " in the sense of mini-

mization of eqn, (2). In practice, however, it is much more convenient to
model the autocorrelations with differentiab]e; analytic functions, and
then obtain the cross-correlations by means of the thermal wind eauation.

The more pragmatic approach was adopted here.

Observational errors are accounted for in the following way: For any

of the autd—corke]ation functions, the actual value of the deviational
quantity T 1s,comp05ed‘of the,truefva1ue of f pTUs’an error €. The corre- -

Tation is then

T——— |

Fify = (Fyreg) (Fyreg) = Fify o+ Fyeg + flep + egey (4) |

1]

For most conventional observations, errors are assumed random: Thus,

Fez = fi2 +e52, 1=

(5)

FF. = f.f. , i#di,

and Eiz may be specified for each type of observation. For some tvpes of
remote-sounding data, however, the errors may be correlated with each other,

so that

FE. = f.f. +oe.e. (6)
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and the‘errok'COrreIattoh musttbe specified. It has customarily been
assumed that-the*secdhd andbthihd termsfot eqn. (4)»vanish; that is, the
' 'ehrors are uhcorre1ated with the true fie]d, »It may be, however, that
~ some types Qf remote sounddhg data tend to underestimate the amp1itudes
df-meteorb]ogica]'systems., Thus, observations would tend to underestimate -
heights in ridges and'overestfmate them in “troughs. If so, ‘the errors
and the true field wou]d be corre]ated and account would have to be taken
of the two neg]ected terms The error terms 1n (5) and (6) enter the
system throughvaugmentat1on of the elements of eqns. (3), and must be
prespec1f1ed |
The system of eqns (3),'together‘with their counterparts for Uéf
| ahd Vg,,const1tute;three systems of (2 +m + u) equations to be so1ved
for eachygridpoint to be updated The manner in which this is done is
discussed in a subsequent sect1on | e :
 The pred1ct1on mode1 that prov1des the forecasts is the NMC q]obaT

primitjve equation mode1 (Stackpo]e,~et a]., 1974).‘ The gridpoints to be
updated are therefqre intersections'of‘pafa11e1s and meridians in the
.horizonta1, and the midpoints of - the layers in the.vertica1. In the
present application, the hori zontal heso1ut10h is 5 degrees, the update

interva] is 6 hours, and there“are eight 1ayers in the vertical. ngurev1
‘shows the vert1ca1 structure of the model.

F1gure 2 out11nes the s1gn1f1cant events occurring at each update

~ Since the.updat1ng 1s;performed in the model's coord1nates, and its vert1ca]”
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cOordinafe 1S:time-varyings the'vertica]lcqordinate itself must be undated
as the'first'step. This is done in three stages: an update of the model
surfacéﬂpressure P«; an update of the model ”iropopéuse”'pressuré ?%*; and -
a redéfihitioh of the pressures at the midpoints of the layers and inter-
‘po1dtion of fheiforecast variab]eskto the redefined midpoints,

‘A, Updating the vertical coordinate

1. Surface pressure update

| The predictidn model produces'a forecast of the pfeésure
at the e1evatiohs of the model gridpoints.';The dominantvvariationvof this
field is duevté ferrain. Ih order to separate this variation from that
dﬁe to‘meteorbTogica] systems, the sténdard_atmosphere pressure- at the
terrain elevation of each gridpoint is subtracted from the preditted
sukface pressure.’vThe resulting field of departuré from standard
atmosphere (D-values of surface pressure) is the field to be updated,

| “ ~ The data afe station pressure observations, if available;

if not reported, mean-sea—1eve1”observations'are accepted only if the
station elevation is less than‘éQO‘m. Conversion to D-values is done by
rsubtractfng‘the stahdardVatmosphere'préésufe at the station elevation from
the reported.station pressure§ A hydrostatic'adjustment is performed to
allow for the~d1fference»between the actuaT’e]eVation'of the reporting
station and smoothed mode1 e1evation. The adjusted observations are then
subjectéd to a gross errof check; thosé not rejected are passed to the

“_interpolation routine.
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The updating procedure uses thetoptimum ihterpo1ation out- -

11ned:previou51y | Residuals of both stat1on pressure and w1nd are ca1cu—’ -
k1ated but w1nd res1duals are perm1tted to 1nf1uence only marine and
R coasta] gr1dpo1nts .The w1nds are corrected for fr1ct1ona1 effects throuqh
" the emp1r1ca1 formu1ae of Cardone (1969)
‘ The updated field of surface pressure departures 1s then

‘recomb1ned w1th the standard atmosphere pressure at the model terrain.
The“resultﬂng fjeld is then used in the redefinition of the vertical
4cO0rdinatetf' - o | |

2. ”Tropopause" update

S The mater1a1 surface which separates the model's 1ower six
1ayers trom the upper. Tayers 1is Jntended to~approx1mate the 1ocat1on of
‘the actual tropopause at the_beginnfng of the forecast. aHoweVer, there
is no attempt4to mode] atmospher1C'behavior near the tropopause, o] that
dur1ng the course of an extended forecast the mater1a1 surface does not -
"knecessar11y reta1n c]ose resemb]ance to the actua1 tropopause - 0ccas1ona11y,
th1s Tack of s1m11ar1ty degenerates 1nto ser1ous numer1ca1 prob]ems capable
of term1nat1ng the pred1ct1on For these reasons, it is necessary to
update the mater1a1 surface in such a way that the correct1ons are sma11
- and the’ updated»surface well behaved. | | |
| “To ﬁnsUre‘that the updating'process does not perpetuate |
,tnumerica1 difficu]ties»ar0und,the'hateria1 surface, a climatological

tropopause, varying only with latitude, is'blended‘with the predicted
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'ki-v_pressure;et the materié1VSQPface;' ThTs.h1ended:fie1d is then used as the
S“guess“ to be corkected by data throhgh bptimum intérhd]ation Observatiohs |
: t-of tropopause pressure as reported by radiosondes are used d1rect1v
Va]ues of tropopause pressure are ca]cu]ated for radiometric sound1nqs bv
| CaTcu1at1ng a %east-squares f1t of the mandatory-1eve1 temperatures to a
‘“f1fth order po]ynom1a1 and’ then 1ocat1nq the minimum of the no]ynom1a1
| D1fferences are then formed between the observat1ons and
lyithe b]ended forecast/c11mato1og1ca1 f1e1d 1nterno1ated b111near1y to the
i 1ocat1ons of the observat1phs. ‘These d1fferences are then useq tq update “
~ the bJehded'fte1d at'the;gridpofhts‘through uniVariate‘opttmum‘interpo1ation.
The5Capebi]1ty“to:ffﬁtehithe‘correctidnefields~before.rec0mbininq with the
b]ehded‘guess'tieid'exjsts, a]though"it need not be uti]ized.

3. Adjustment of predicted fields

,The»updeted’f1e1ds;of thevsurfa;e pressure and troponause
pressure are,thehhused to redefine the:Vertica]lcodrdinate according to

the formula-

P -P
ok
O":[' B ; ? P> P*:’c
P* - P**
and (7)
P - 50

Gs = P* - 50 2 50 <P < P**

Small changes (= 10 mb) in Py dﬂd Pacse therEfore result in even smaller

‘changes in the pressures at the m1dpo1nts of the 1ayers The predicted



-9-
values of T, u,ky, and q atkthe‘midpoﬁnts of the “o]d"‘1ayers are
ladjusted,to the ubdated 1eve1s‘by an intefpo1ation which is Tinear
in the logarithm Of pressure;' No interpolation is permitted across
the mode] tropopause. | k |

This step completes the f1rst part of the update
 cycle; the next step is the updat1ng of the winds and temperature
mu1t1variete1y;‘and moisture,‘univariafe]y;
E. Updating the historyfvariabTes

VT'f Data Ereparation

~The upper air data base,vconta1n1nq observations of
temperature wind, and dewpoint denress1on must be ordered by
'blat1tude and 10ng1tude. Each temperature, w1nd,kand dewpoint
-_depressiqﬁ dbsefvetioh,;together with its poSition (1atitUde,

; 10hgitude, and .pressure) and instrument type, is stratified according

"_rtoelongitUdekwithin'Z.S degkee 1atitUdeebands. These data are then

passed to a routine which 1nterp01atesA(bi1inear1y) the corresponding
forecast parameter tekthe Tocations of the data, and differences are
calculated. Dewpoint depreesion is\converted to specifie hUmidity,
sinceithe'1atter is the mofstere history variable in the prediction
‘model.

At this befnt, the residuals are subjected to a two-
- stage error check.* Each ihdividua1‘residua1 is compared to the mean

and standard deviation for its latitude band. The means and standard

*It should be noted that several error checks are incorporated in the
operational decoding and processing of the raw data.
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) deviations‘are-preSehtiy prespecified, but u1t1mate1y will be reé
calcujated foh'each update.. Unconditional acceptance occurs if the
residuaThis withih;Nia‘of the mean, and unconditiona1 rejection if
outside N,o, where}Nl'and Né are determined by experience.4 For
residuals in the margina]harea between N10 and N,o, further checking
is necessary' It s intended'tc eventua11y'subfect these marginal
observat1ons to a "buddy check“ that is, to determ1ne if a quest1onab1e
datum s supported by near ne1qhbors At the moment, however, the
marginal observat1ons are merely f1agqed but accepted

~Each accepted observat1on is then assigned an error
1eveifaccording to the instrument type. Table T presents thevva1ues
current1y in use; these arevihumany cases.quite arbitrary, and in al]
cases subject to revision as additional information becomes available.

P Data se]ect1on

~In. pr1nc1p1e the number of observations that 1nF]uence

“each update should be all those which are significantly correlated with
‘the updated grtdpoint.‘ However, - the number actually used (& + m + n
~in eqns. 3) determines.the'dimensions of the system of equations to be

‘-e$01ved. Cpmputatidnal limitations therefore require a ccmpromise»with
;pr1nc1p1e The:preseht version a11owska-maximum;of ten obServations to
- influence each update ~ The selection of the tenvobservations is an

) 1ntr1cate‘pr0cedure, based generally on 1ocating those obserVatione

: which give“ﬁaximum values tp the right—hand—sides of edns (3) For
‘deta115 of: the se1ect1on process, the reader is again referred to

Bergman (1977)-
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3. Solution of the linear system |

| Once the ten’(or fewer) observationS‘havevbeen se1ected,bthe
elements of eqns;‘(é)'are‘ca1cu1ated using assumed analytic formS"forﬁthe”
field corre1ations: The~coeffﬁc1ent matriX“is’symmetric and positive
~definite. An 1terat1ve method-—the method of conjugate gradients (Beckman,
1960)--15 used to determ1ne the so1ut1on Exper1ence has shown that
convergence is customar11y qu1te rap1d Rare]y, an 111-c0nd1t1oned matriX'
is: encountered wh1ch 1eads to s]ow converqence or d1verqence and an un--
kre11ab1e so1ut1on Such-cases 1nvar1ab1y arise because of a pair of
' observat1ons 1ocated very c]ose together.“ The diffiCu1ty is circumvented
by droppfng the one of the»pairkthat has the 1ower‘corre1ation with'the
gridpoint, andrrepeatinq the so]utionvoroceSS o |

4, F11ter1nq the correct1on f1e1d

One of the consequences of the dec1s1on to 11m1t the numbey
of observat10ns affect1nq an’ update is that the stat1ons se]ected tend to
~ be those c1osest to the gr1dpo1nt,to be updated.: The resuTt is a field
~of correcttons which COntainisiqntffcant spatia1r”noise."; Before adding
the corrections to the gueSS, thevnoise is eliminated by use of a filter.
A'1east—souares fit‘of’the corrections by a series of spherical harmonics
'is{performed, usfng.triangu1ar truncatiOnvand reso1ution of up to 24 modes.
The reconstructed correctionhfie1d therefore does not contain hiah wave-
number modes. It is then added to the predicted_fietd, in the adjusted

_model coordinate, andvthe‘update is complete.
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-’;d The filter is included in the system as an option. For the
partiéh]a?_resu]ts»shown in the following section, the filter was not -
f‘used; ‘ | | |
© e, Inftialization

- Aé_ihdieated previously, fhe’updating of temperature'and wind dis
'doné;simu1taneous1y} such‘that the‘corrections are related throuagh the -
‘therme]”wind.‘_ln practice, hdwever,’mOSt of the updates_prove to be
univariate 1ﬁ data-dense areas. 'This is another consequence of the
decision to,Tfmit the number of observations affecting an update. With
onI& ten permissib]e observatiohs, the se1ection procedure tends to
se]ect temperatures to update temperatures, and winds to update w1nds
A resu]t of this is that the introduction of fresh data on a local bas1s
' 1nvar1ab1y d1sturbs the ba]ance between the mass and motion fields to
some degree. In«génera], the larger the correction, the qreater the
resu]ting'imba1ance; Restoration of ba]ance throdqh the geostrophic
adjustment process requires dtperiod of time which depends in paft on the
~ characteristics of the prediction model and in part on the magnitude of

the initial imbalance. If the adiustment interva1 is greater than the
.vupdate 1nterva1, an accumu]at1on of qrav1tat1ona1 nolse may result.

_ Accord1ng1y, a dynamic 1n1t1a11zat1on ont1on is incorporated into
the_syetem after the update has been completed. The procedure consists
df integrating forward‘and backward around the time of update usinqbthe

‘Euler-backward (Matéuno, 1966)-dampfng time integration method, much 1ike
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‘theﬁprocedure squested by Nitta and Hovermale (1969). The duration of
:. the 1n1t1a11zat1on per1od is spec1f1ed in advance.. Irreversib1e ohysica1 .
processes,,such as prec1p1tat1on, are not. perm1tted during the initiali-
zation. . | '
.:D.v Computat1ona1 requ1rements
At the present time, the latitude-longitude grid mesh has a
v resoTution'of_5 degrees, and the vertical structure is represented by
eight Tayersdwith a-too at . 50 mb\ Updat1nq is done each 6 hours, w1th}
ava11ab1e observat1ons treated as synopt1c over a 3—hour interval
icentered on the update t1me A typ1ca1 update requires approximately

12 minutes (CPU)-to comp]ete on the IBM 360/195.

I1I. Results of Initia1dTesting

For the‘first test of the assimilation System, interest centered ’
on itsrgenerai»berforhahce characteristics by comparisoh‘with.those of
the present NMC'operationa1 system » Beqtnninq with the 12—hourbNMCk
operat1ona1 gToba] forecast va11d at 00 GMT 18 Auqust 1975 the system
- was 1ntegrated through 00 FMT 20 Auqust 1975, updat1nq each 6 hours.
The~1n1t1a11zat1on procedure described previously was used at each’ uodate.
. forvthe'eouivaleht*ot 6 hours In add1t1on, a d1verqence damping viscosity
term’(Dey, 1977) was used in the mode1 stratosphere to contro1 the qrowth
Tof d1verqence an unp]easant character1st1c of the 8- 1ayer vers1on of the
‘pred1ct1on-mode1., | |

For comparison, a special cyc1e simuTating‘the NMCioperationa1.system |

k '"was'conducted..-The‘5—degree, 8-layer prediction mode]_Was,updated each'}f
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6 hours by the spectra1 objective analysis procedure devé1oped hy

- Flattery (1970).  No initialization or divergence control was used

during this specia]nyclé.”‘This integration will subseqUent]y be

referred to as the control system. Both began from the same initial

state, but theréafter cycTed independently. -Both had access to the same
’data base; but theierror—checking procedureézare different for each

- system and, therefore, there is no guarantee that each system used

exactly the same observations. In practice, the number each uses is

very similar.

As a first indication of thégperformancé of the assimialtion system,

',Figure 3 shows 300-mb height and isotach fields valid at 00 GMT 19 {August

- 1975. Thisichaft was produced by interpolating the updated fields of

Wing'and_témpefature (and hydrostatica11y caTculatihq the heiqhts)-From

- the model's Veftﬁca1,cobfd1nates'to‘stahdard isobaric,1éVe1s. The contfol’
-BOOme_heigh{-isdtééh‘chaft«compakable_to Figure 3 is shown in Figure 4.
» Thé-fikst.obéervatﬁqﬁ‘that may bé made is that:the two representations .
;aré veryv$imf1ér. Since both Have aétess to the same data, this is to'be
_expéﬁtéd;lfNeVekthe1ess, differences may‘be found by c105erﬂfnspectioh. )

: _ Figures 5 and 6.show the differehcesfie1d for height énd wind speed,

respectively. As a,genéra1 rule, the differences~in both are smallest in

data-dense areas, and greatest in data-sparse areas.  There are some
exceptions, most notably over central Asia. In most instances, these are -

attributable to’differenqes in the rejection criteria, or the treatment of
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| isurface data, between the two systems The fact that the control system
w"tr'eats he1ghts d1rect1y, wh11e the ass1m11at1on system calculates he1qhts
“d1agnost1ca11y from temperatures and surface pressure, no doubt also-
‘qcontr1butes to the d1fference |
A part1cu1ar1y 1nterest1ng d1fference and one that is synoot1ca11v

'sign1f1cant,_1s the tr1p1et of he1ght differences in the north central
Pacific.. | C]ose eXamination ot Fiqune-é revea]s a short wavelength trouhh
%near 168E and a downstream minor r1dge near: 178E, both of which are |
‘supported by wind data from. Kamchatka eastward to the date11ne " These
:features are not apparent in the correspond1nq control field, and result

in the d1fference pattern in F1qure 5

Another interesting d1fference<occnrs in the data-sparse area just

off the west coast of North_America; mThere, the assimijation system shows

"a-wind ma ximum stronger by 10 m sec™! than that-in the control. Thehe'are
g on]y twe observations--both are‘c1oud-tracked winds of 50 kts at 34,000
feet--and neither supports the h1qher w1nd soeeds shown bv the assimilation
~system. A search for the or1q1n of th1s d1screpancv Ted to an examination
bf the prev1ou5'h1stony. Twentyjfour hours earlier, both systems had

indicated a 1arge wind maximum in exéess of 90 kts centered in the vicinity

fof‘Ocean-Statton Vessel 4YP (50N, 145W), whichvreported a wind speed of
;h11251kts. :At'the‘next update time; thehe were no observations«in the area.
Both systems,movedhthe-wind speedeaximum to the southeast, but the control

‘neduced-itS'magnitude somewhat. Thts process continued at the next two
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,update t1mes, so. that by 00 GMT on 19 August the control svstem S w1nd

| “hmax1mum had been reduced to near 50 kts while the ass1m11ated system had

»_retawned w1ndspeeds near 90 kts. In the absence of data, it is d1FF1cu1t
fto determ1ne which so1ut1on is more correct
| Th1s d1fference serves to 111ustrate one of the two ma1n des1qn
tehets of the ass1m11at1on system: to make no arbitrary or 1nc1denta1
changes tohthe model representation in the absence of data.’ The control
~ system demonstrab]y reduced the w1ndspeeds 1n this 1nstance most Drobab]v
as- a result of repeated f11ter1nq, through transformations between arid |
space and phase space, and also between‘1sobar1c and model coordinates.
A,partkof the'filtering invo]ves'the near complete removal of the
divergent.wind component, |
C]ose‘perusa1~of'Fighre 6 suqqests.that, in general, the difference
vdkln wind speed is pos1t1ve mean1nq that the assimilation system exhibits
~higher wind- speeds on ‘the average. This is cont1rmed by F1qure 7 the
total kinetic“energy‘ihfeaeh system as a funct1on of time. It is quite 3
.Ciear that the assimtTatﬁon systemvshows higher kinetic energy. It is
,not c]ear that this is necessar11y favorable.. | ‘
| In summary, the ass1m11at1on svstem apnears to function reasonab]v
“well and compares favorab]y to the s1mu1ated operat1ona1 system in areas
where observat1ons are dense D1fferences_do develop with time, mainly
over.data—sparse areas. The most noticeabTe,difference is the higher

kinetic‘energy;level of the assimilation system.



-17-

IV5 Future Plans
The assimiTatTon_system iS‘being mddifiéd to use the 9-layer

Qersion;of the_prédiction model. This version -has demonstrably superior
noise characteristics. - Simultaneously, a major effort is being made to
 imbrove thé observational error spetificationS'in Table 1 and io upéfade
_the qﬁé]ity’contrQT procedures. - It is anticipated that the horizontal
- resoTutioh in the systeh w111'be 1ncreased to 2.5 degrees, at-1eas£ 1“.-‘
;bthe prediction mode1, by late spring 1977. As these modificafions are
"made5 the performance of the assimilation system:w111 be-measuredkaqainst-
kan appfobfiate verSion of the contro1 system,

j As yéf;'éhe éssimi]ation systém is. in a very early state of
‘_‘deve1opment3 'Much‘wbrk1rema1ns before it can be considered a competitor
”of thé presénthMC operatibﬁa] system. Neverthe]ess, the results of |

these first experiments serve to encourage the effort,



Type of
Observation
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Table 1

Temp -

Wind
(m sec'l)

Observational Errors in Upper-Air Ana]ysiS"

Spec. Hum.

| "Bogus“:

 RAOB
Afrcraft
,VT?R sAToB ‘

900 mb

Sat. Winds

200 mb

. Sat. Winds |

(oc) .

05 |

10

2.0

1.0

- 1+(1000-py ) /1000

2.0 -

3.0

7.5

| .25 [.002-3(1000-p} )x10"°]
.50 [.002-3(1000-p; )x10-°]
.50 [.002-3(1000-p;)x10~¢]

i,o [.002;3(1000-pk)xlnff]'

Assumed Error

eoof e
~ First Guess
~at

Initial Time

2.0

5.0

.002-3(1000-py )x 1076
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Table 1. Root-mean-Square vector wind errors (kts), verifying against
26 western North American radiosonde stations. All three
analyses started from the '"poor'" first-guess.

Level "Poor" Operational Strict Wind Law - Blended

{mb) Guess Case 1 Case 2 Case 3
850~ 11.8 13.7 15.5 13.9
500 | 22.2 ‘ » 16.1 ‘; 14.4 15.8
300 B 33.2 24.6 21.6 23.9
100 | 8.6 8.2 | 8.7 | 8.1

Table 2. Root-mean-square vector wind errors (kts) using “good" first-
guess and the same set of verification stations as used in

Table 1. :
Level "Good" Operational ‘VStrict Wind Law Blended
Guess Case 1 . Case 2 Case 3
850 11.7. 12.8 14.3 12.9
500 12.2 126 ' 12.8 12.5
300 - 18.2 - 17.6 187 17.6
100 8.9 102 120 1003

Table 3.  Root-mean-square height errors (m) using the same set of
_ verification stations as in Tables 1 and 2.

"Poor" Guess "Good'" Guess

Level (mb) Case 1 Case 2 Case 3 Case 1 Case 2 (Case 3
850 | 9.2 ‘ 9.3 | 9.3 ’ 8.8 8.9 8.8
s00 1.1 1.2 11.5  10.1 10.1 10.3
300 21.6 21.6 21.9 - 21.4 ‘ 21.4" 21.6

100 1644 16.4  16.3 17.6 17.6 ~ 17.7



